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ABSTRACT : PURPOSE: To obtain an abrasive which is used in a process for producing a 

semiconductor device and can simultaneously achieve a very high polishing rate, an 
excellent polishing accuracy, and a good surface state by using cerium oxide having a 
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CONSTITUTION: This abrasive comprises cerium oxide having an average particle size of 
0.1 nm or lower and is used in a process for producing a semiconductor device. Here the 
tenn 'particle size' means the primary particle size determined with a scanning electron 
microscope. Cerium oxide used is pref. spherical and has a purity of 99.5% or higher in 
tenn of CeOa- Cerium oxide is produced from high-purity cerium carbonate, hydroxide, or 
oxalate as the raw material and through the steps of purification, baking, and pulverizing. 
The abrasive is used as a slurry with a concn. of 5-300g/l, pref. in pure water. Polishing is 
pref. followed by washing with an acid soln. contg. hydrogen peroxide. 
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* NOTICES * 

JPO €uid INPIT are not responsible £or any 
damages caused fay the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Abrasives for using by the production process of the semiconductor device characterized by 
consisting of cerium oxide of O.I micrometers or less of mean diameters. 

[Claim 2] Abrasives according to claim 1 characterized by the purity of cerium oxide being 99.5% or 
more. 

[Claim 3] The polish approach characterized by grinding in the polish approach in the production 
process of a semiconductor device using the slurry which contains abrasives according to claim 1 or 2 
by the concentration of 5 - 300 g/1. 

[Claim 4] The polish approach characterized by grinding in the polish approach in the production 
process of a semiconductor device using the slurry which contains abrasives according to claim 1 or 2 
by the concentration of 5 - 300 g/1, and subsequently washing with a hydrogen-peroxide content acid 
solution. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the abrasives and the polish approach for using by the 
production process of a semiconductor device. It is related with the specific more detailed abrasives and 
the more detailed specific polish approach using cerium oxide. 
[0002] 

[Description of the Prior Art] In order for the degree of integration of a semiconductor device to have 
risen with 16MB and 64MB, and for the design rule to progress towards adopting less than [ line pitch 
0.35micrometer ], and to adopt multilayer-interconnection structure as the light source of the exposure 
machine, using short wavelength regions, such as i line, and to compensate the lack of the depth of focus 
of an exposure machine, it is necessary to process a device front face evenly at the medium process of 
semiconductor device manufacture. 

[0003] the etchback method as an approach and the reflow method which apply to a front face uniformly 
the silica which is an interlayer insulation film about the approach of this flattening processing, and 
mechanochemical-polishing method [- general - CMP (Chemical-Mechanical-Polishing) -] called law 
is used and the approach of carrying out polish processing of the interlayer insulation film so that it may 
become equal thickness is examined. Although the important technical technical problem which should 
be solved [ approach / after development of an advanced polish finishing machine, clean-izing of a 
poUsh processing system, and polish processing / washing ] occurs in order to adopt the CMP method at 
the medium process of semiconductor device manufacture, the good surface state which does not have a 
blemish small [ polish process tolerance and relative roughness ] is an element also with polish working 
speed (processing speed) important, of course. In order to adopt it as the memory production process of 
the semiconductor device which is a mass-production-method process especially, polish working speed 
is a problem of the utmost importance. Although the polish processing pressure force and/or rotational 
speed of a grinder are made high or abrasive cloth is generally made soft in order to raise polish working 
speed, it becomes the factor in which all reduce polish process tolerance. Therefore, it is the best to 
improve abrasives, in order to gather polish working speed nothing [ reducing polish process tolerance ]. 

[0004] As a CMP method currently enforced industrially, there are an approach using silica abrasives, 
such as an approach using the abrasives which used (1) cerium oxide as the principal component, and 
current (2) colloidal silica, and a method of using (3) electrochemistry operation. 
[0005] The approach of the above (1) is a leading approach when carrying out polish processing of the 
glass. By this approach, cerium oxide and the silica in glass carried out solid phase reaction, and 
mechanochemical polishing is attained. However, generally, cerium oxide abrasives calcinate natural 
minerals, such as monazite and bastnaesite, carry out grinding processing, and are manufactured, and 
there is no high object of polish capacity in the high grade article of a cerium oxide simple substance. 
However, in order to use by the production process of a semiconductor device, it is required to be a high 
grade article in the sense of a pollution control, and it is desirable to make it there be nothing about 
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alkali-metal ion constituting especially the cause of yield lowering, such as Na and K, and the radiation 
element which can become the source of release of alpha rays. 

[0006] Even if it uses for JP,6-216096,A the cerium oxide abrasives which use a natural mineral as the 
base, it is indicated that it was proved that it did not have an adverse effect on a device production 
process, but it is large, and since fluctuation of the presentation in a natural mineral cannot control the 
presentation, whenever it changes the lot of abrasives, it needs to sort out the lot which checks whether it 
has an adverse effect on a device production process, and does not have an adverse effect, and is not 
practical. 

[0007] The above (2) and the approach of (3) have [ the fines to be used ] an expensive degree of 
hardness compared with a ground work, and it is easy to produce a damage on a polish processing front 
face. Moreover, in order to secure polish working speed and to remove the produced damage, it is 
necessary to give an etching operation to poHsh liquid. Therefore, the alkalinity or acidity of polish 
liquid is made remarkably high, and it corresponds. However, in the CMP process, several% of yield 
lowering is caused by contamination resulting from such polish liquid. Moreover, in dealing with the 
polish liquid of strong acid nature and strong-base nature, a polish finishing machine and an incidental 
facility must have endurance, such as acid resistance and alkali resistance, and it accompanies risk by 
them also about work environment. Moreover, since the approach of the above (2) carries out polish 
processing of the interlayer insulation film of a silica with the abrasives which use a silica as a principal 
component, the polish working speed becomes very low. In the CMP method by which current adoption 
is carried out, in order to gather polish working speed using fumed silica with few contents of 
impurities, such as Na, among the abrasives of a silica system used for finishing polish of a silicon 
wafer, it carries out in combination with the special polish liquid and the abrasive cloth which were 
devised so that pH adjustment might be carried out by the component which does not contain alkali 
metal, for example, ammonia etc. 
[0008] 

[Problem(s) to be Solved by the Invention] Therefore, matter which brings about contamination by the 
production process of a semiconductor device is not contained, but it is a good surface state equivalent 
to the abrasives of the silica system by which the current activity is carried out, and process tolerance, 
and the development is [ development of the abrasives and the polish approach of attaining a polish rate 
more nearly high-speed than the abrasives of a silica system is desired, and ] the object of this invention. 

[0009] 

[Means for Solving the Problem] this invention person etc. completed a header and this invention for 
desired abrasives and the polish approach being acquired by using the cerium oxide which has specific 
mean particle diameter in the production process of a semiconductor device, as a result of inquiring 
wholeheartedly, in order to attain the above-mentioned object. That is, the abrasives of this invention for 
using by the production process of a semiconductor device are characterized by consisting of cerium 
oxide with a mean particle diameter of 0.1 micrometers or less. 

[0010] Moreover, the polish approach of this invention is characterized by grinding using the slurry 
which contains the above-mentioned specific abrasives by the concentration of 5 - 300 g/1 in the polish 
approach in the production process of a semiconductor device. Furthermore, in the polish approach in 
the production process of a semiconductor device, the polish approach of this invention is ground using 
the slurry which contains the above-mentioned specific abrasives by the concentration of 5 - 300 g/1, and 
is characterized by subsequently washing with a hydrogen-peroxide content acid solution. 
[001 1] This invention is explained concretely below. In the abrasives of this invention, cerium oxide 
needs to be high-grade-ized so that the problem of contamination may not be caused by the production 
process of a semiconductor device, and impurities, such as a radiation element which can become the 
source of release of alkali-metal ion, such as Na and K, or alpha rays, may not be contained. 
[0012] In the conventional polish processing, in order to make a polish rate into size, it was thought that 
it was necessary to enlarge grain size of abrasives. This is based on polish processing by the so-called 
mechano operation (mechanical clearance operation) using abrasives with a degree of hardness higher 
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than the ground work represented by polish processing by the diamond. Moreover, also in polish 
processing using general-purpose cerium oxide, if grain size of abrasives is made detailed, polish 
working speed will fall, but since grain size of abrasives is not made detailed to about at most 0.4 
micrometers until now, a mechano operation is considered to have been a mainstream field. On the other 
hand, the abrasives of this invention need to be based on a mechanochemical operation, and abrasives 
need to be detailed. 

[0013] In the abrasives of this invention, the mean particle diameter of cerium oxide affects a reaction 
rate (therefore, polish rate) with a ground work front face etc. at the polish precision of a ground work 
front face, a surface state, and a list. Therefore, Si02 Maintaining a polish precision equivalent to 
abrasives, and a surface state, in order to obtain a quicker polish rate, it is necessary to set mean particle 
diameter of cerium oxide to 0.1 micrometers or less. In cerium oxide abrasives with the mean particle 
diameter of general-purpose cerium oxide abrasives etc. big on the other hand, solid-liquid separation 
tends to take place, and since the abrasives which are solid content are not supplied to a grinder by 
uniform concentration unless it stirs well at the time of an activity, process tolerance will fall. However, 
by making cerium oxide detailed, solid content can obtain the slurry of the uniform concentration which 
it sediments and is hard to separate, and can raise polish process tolerance by this. In addition, the 
particle size said here is the primary particle size measured by SEM (scanning electron microscope). 
Moreover, it is desirable that cerium oxide is a globular form. 

[0014] The cerium oxide of such a high grade uses the carbonic acid cerium of a high grade, the 
hydroxylation cerium of a high grade, or the cerium oxalate of a high grade as a raw material, and is 
prepared through purification, baking, and a grinding process. The cerium oxide high-grade-ized so that 
impurities, such as a radiation element which can become the source of release of alkali-metal ion, such 
as Na and K, or alpha rays, might not be contained in this invention. Although the thing of the purity 
near 100% is theoretically desirable, in manufacturing high grade cerium oxide by the above 
manufacture approaches as an impurity — moisture and C02 etc. ~ since the rare-earth-elements oxide 
of a loss-on-ignition component or a minute amount has adhered ~ Ce02 If it is 99.5% or more of purity 
in conversion, it is fully usable. 

[0015] In grinding using the abrasives of this invention in the production process of a semiconductor 
device, it grinds the above-mentioned specific abrasives using the slurry (what does not use a desirable 
neutral slurry with few metal ions, i.e., an acid, and alkali) contained by the concentration of 5 - 300 g/1. 
When abrasives concentration is less than 5 g/1, a polish rate becomes slow, and a crack occurs, and a 
surface state also falls. If abrasives concentration exceeds 300 g/1, when slurry concentration becomes 
high too much, supply of a slurry cannot become an ununiformity and a stable polish rate cannot be 
maintained. 

[0016] As for the slurry used by this invention, carrying out through pure water is desirable. Moreover, 
although it is desirable to use the nonwoven fabric which performed firing polyurethane or special resin 
treatment as abrasive cloth, it is not limited to these and determined by the shape of polish process 
tolerance and table planarity demanded in short, the above ~ since cerium oxide has adhercd to the 
ground work after making it like and grinding, it is necessary to carry out washing clearance of this 
Although various cleaning methods are possible, since a hydrogen-peroxide content acid solution can 
dissolve cerium oxide gradually, it is desirable to wash with a hydrogen-peroxide content acid solution. 
A hydrochloric acid and a nitric acid can be used as this acid. Thus, after washing, the abrasives which 
remain by carrying out the usual scrub washing by pure water can be decreased substantially. 
[0017] 

[Example] A CMP process is a process which carries out polish processing so that the silica thin film 
may become flat, after forming a silica thin film on a silicon wafer. This process is an advanced clean 
process and it is very difficult for the silicon wafer which formed the silica thin film for assessment of 
abrasives to come to hand to a large quantity. Therefore, the fused-quartz glass which properties 
required for polish processing assessment, such as a presentation and a degree of hardness, approximate 
to the silica thin film in a CMP process in the following examples was used as a processing object. 
Moreover, since the polish processing result could not be evaluated as an absolute value, it considered as 
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the index of relative evaluation, using the colloidal silica as a representative of silica system abrasives as 
abrasives for a cornparison. Moreover, it evaluated also about general-purpose cerium oxide for the 
comparison with a technique given in JP,6-216096,A. 

[0018] As an object ground [ example 1 ], that which slurred the abrasives (it is 99.7% of purity by 
Ce02 conversion) of colloidal silica, general-purpose cerium oxide (trade name MIREKU, Mitsui 
Mining and Smelting make), and this invention by the single taste as abrasives, respectively was used 
using the 125mmxl25nmaxl.5nmi quartz-glass plate processed the front with #2000 diamond pellet. In 
the case of colloidal silica, the slurry concentration and average grain size of each abrasives were 300 g/1 
and 0.12 micrometers, in the case of general-purpose cerium oxide, were 150 g/1 and 2 micrometers, 
and, in the case of the abrasives of this invention, were 150 g/1 and 0.02 micrometers, ipolish processing 
pressure force which carried out polish processing under the following conditions using the equipment 
show in drawing 1 120 g/cm2 rotational frequency 25rpm polish liquid circulating load It be polish floor 
to floor time by 31./. Abrasive cloth during 10 minutes In drawing 1 , 1 be a scouring pad made of a 
nonwoven fabric, it be the quartz-glass plate which be a nonwoven fabric type and whose 2 be a grind 
object, 3 be an application-of-pressure cylinder, 4 be a polish plate, and 5 be abrasives (slurry). 
[0019] a total of five points of the point (all coming out four points) and the central point which are 
located from the two adjoining sides about the ground object ground with each abrasives in a location 
with a distance of 5mm, respectively - the amount (micrometer) of polishes ~ a micrometer ~ 
measuring — the average polish rate (a part for micrometer/) of five points, and polish process tolerance 
(micrometer) (it expresses with the difference of the maximum of the amount of polish processings of 
five points after polish processing and the minimum value for 10 minutes.) namely, the index showing 
the uniformity of polish processing ~ it is — it was as being shown in a table 1. Moreover, the condition 
of the front face of a ground object was observed under the microscope, it investigated about the 
existence of a blemish, those without a blemish were made good, and what a blemish is slighUy accepted 
in was worsened a little. The result was as being shown in a table 1. 
[0020] 
[A table 1] 
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0. 8 


1. 2 




0. 5 


2. 0 


0. 5 
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A 0 





[0021] Except having used the slurry which contains the high grade cerium oxide whose example 2 
mean particle diameter is 1.2 micrometers, 0.1 micrometers, and 0.02 micrometers, respectively by the 
concentration of 150 g/1, polish processing was carried out like the example 1, and the amount of 
polishes and the surface state as well as an example 1 were observed. A polish rate (a part for 
micrometer/), polish process tolerance (micrometer), and a surface state were as being shown in a table 
2. 

[0022] 
[A table 2] 
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[0023] Except having used the slurry whose slurry concentration of the high grade cerium oxide whose 
example 3 mean particle diameter is 0.02 micrometers is 300g [ 1. ] A 150 g/1, 50 g/1, 15 g/1, 5 g/1, and 1 
g/1, respectively, polish processing was carried out like the example 1, and the amount of polishes and 
the surface state as well as an example 1 were observed. A polish rate (a part for micrometer/), polish 
process tolerance (micrometer), and a surface state were as being shown in a table 3. 
[0024] 
[A table 3] 
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[0025] The ground work which carried out polish processing by the approach of example 4 example 1 
was washed by the following approach. 

Approach 1 : Scrub washing was carried out for 3 minutes using pure water. 

Approach 2: After being inunersed in 1-N nitric-acid solution (40 degrees C) which contains a hydrogen 
peroxide 1% for 10 minutes, scrub washing was carried out for 3 minutes using pure water. Counting of 
the number (piece/cm2) of the abrasives which remain on the front face was carried out with the optical 
microscope after washing. The result was as being shown in a table 4. 













10 0 


15 0 


2 0 0 


:»m2 
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1 0 


1 0 



[0026] 

[Effect of the Invention] By using the abrasives of this invention, a very good surface state can be 
simultaneously attained in a very good polish rate and a polish process tolerance list. 



[Translation done.] 
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* NOTICES * 

JPO and ZNPZT are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of the polish processing equipment used in the example. 
[Description of Notations] 

1 Scouring Pad 

2 Ground Object 

3 Application-of -Pressure Cylinder 

4 Polish Plate 

5 Abrasives (Slurry) 

[Translation done.] 
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DRAWINGS 



[Drawing 11 
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[Translation done.] 
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